Approaching HF Radio
ith Your Eyes Wide Open

The content of this presentation is proprietary information of Raft Technologies.
It is not intended to be distributed to any third party without the written consent of Raft Technologies.



ABOUT ME

Tamir Ostfeld
Deputy CEO & COOQ, Raft Technologies

e 25 vyears of experience leading development in
Networking and Connectivity groups

* With Raft since 2017 — early HF trials

* Qverseeing network development — R&D and Ops
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HF-BASED ULTRA LOW LATENCY WIRELESS NETWORK

Let’s talk about HF performance:
 What powers it?
 What performance can you expect?

 How far can we get (latency, distance, bitrate,
uptime)?
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SKYWAVES (HF / SHORTWAVE RADIO) TRAVEL LONG DISTANCES
AT THE SPEED OF LIGRHT

lonosphere
50-200Km

Skywaves propagate back

from the atmosphere, ~Receiver
acting as a mirror ./

HF Radio Transmitter |
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HF ADOPTION

Deutsche Borse cross-correlation

analysis
ShOWing trades in Frankfu r‘t ::C_l\‘/IFED/:xEURC sssss Venue Reactions
following trade events in Chicago n—ros.
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REFRACTIVE EFFECTS OF THE IONOSPHERE (LAYER CAKE)

ionospheric tilt

chordal mode .

F region

ducted mode sporadic E
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REFRACTIVE EFFECTS OF THE IONOSPHERE

Signals take different paths

10000

Plasma Frequency (MHz)

Plasma Frequency (MHz)
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CYCLES DEFINING HF SERVICE AVAILABILITY

Seasons Solar
Cycle Cycle




DAY-NIGHT CYCLE
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Jun 16, 00:39
[l Goodput: 6

Freq: 17452 KHz

Jun 18, 03:17
[l Goodput: 77.3

Freq:- 10426 KHz

DAY-NIGHT CYCLE

Date: June 15, 2022

Jun 16, 08:27

W Goodput 6

Jun 16, 09:36

W Goodput: 93.16

Freq: 13945 KHz

Jun 16, 13:25
[l Goodput: 97.43

Freq: 19158 KHz

Jun 16, 23:30
[l Goodput: 94.87

Freq: 19339 KHz

Just before dawn,
“battery drains out”




! 2] SEASONAL CYCLE DAYLIGHT HOURS CHANGE

L 12M ,‘ The Earth Axial tilt =23 Degrees
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Lower freq.

Jun 16, 00:39
[l Goodput: 97.26

S ummer Freq: 17452 KHz .. L X ¥ Jun 16, 23:30

Jun 16, 13:25

d ay A ) W Goodput: 97.43

Jun 18, 03:17 Freg: 19158 KHz

[ Goodput: 94.8

Jun 16, 08:27
[l Goodput: 65.65

Freq: 10200 KHz
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- 4% SOLAR CYCLE THE SUN'S MAGNETIC FIELD

R ,," Sunspots —the more the better

Solar Minimum Solar Maximum
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There’s a good tailwind for HF

ISES Solar Cycle Sunspot Number Progression

2020 2022 2024 2026 2028 2030 2032

Universal Time

-+ Monthly Values — Smoothed Monthly Values = — Predicted Values

Space Weather Prediction Cente




HF NETWORK KEY PERFORMANCE INDICATORS

HF delivers the shortest

Latency e | .
latency ever 24h Min-Max Uptime Hours
. 20
Capacity o 0.5-1.2 Kbps
16
Goodput @ /5-95% L2 ‘
: \
. Near 24h, summertime
Uptime 4

cross-Atlantic

PAONRS) 2020 2021 2022
Error Rate o Inthe 10EXP-5 zone
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WEATHER FORECASTS — IN SPACE, NOT ON EARTH

Positive
* Active Regions
* Sunspots
Negative
* Solar-Flux
* X-Rays

A master indicator: K-Index




HF CHALLENGES RECEIVING A SIGNAL

Man-made noise
* Crowded spectrum
* Narrow-band noise
* Chirp-type noise
Your own “noise”
* Multipath

* Long path / 2"? time around
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EXAMPLE:




EXAMPLE:

* Distance: 10,125 Km
* No repeater (!)
* End-to-end latency (colo

to colo): below 50ms...
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CONTINUOUS INCREASED PERFORMANCE

ifij) NOC
Developed procedures for link mgmt.

“J= ANOC (Autonomous NOC)

Al-powered link monitoring and
control
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HF NETWORK KEY PERFORMANCE INDICATORS

Current focus

" Pushing toward the physical

Latenc
YT imit
[ Capacity o x10 J
Goodput ® 7/5-95%
e N\
Uptime & Near 24h year-round
\ /
Error Rate & Inthe 10EXP-5 zone
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Global Network




Technologies

Q&A




Thank you!

“Any sufficiently advanced technology is indistinguishable from magic”

Arthur C. Clarke
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